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poWer supply control signal, charging voltage setting control 
signal according to the voltage types of the batteries inserted 
in the ?rst and second charging pockets, and charging 
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STORAGE BATTERY CHARGER AND 
METHOD FOR CONTROLLING THE 

CHARGING PROCESS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a battery charger for 
simultaneously charging multiple storage batteries, and 
more particularly to an apparatus and method for simulta 
neously charging the multiple storage batteries loaded in the 
multiple charging pockets of the apparatus by controlling the 
charging voltage and current according to the voltage types 
and current capacities of the batteries. 

2. Description of the Related Art 
The conventional battery charger for charging the storage 

batteries such as a Li-Ion battery used in a mobile phone 
must be provided with multiple DC poWer sources in order 
to simultaneously charge rnultiple batteries. Referring to 
FIG. 1, the conventional battery charger includes an input 
terminal 10 for connecting With a poWer source of AC 110V 
to 220V, and a full-Wave recti?er 12 consisting of bridge 
diodes D91—D94 and a capacitor C2 for full-Wave rectifying 
the AC power from the input terminal 10 to produce a 
srnoothed DC voltage. A Zener diode ZD1, resistor R1 and 
diode D2 serve to block a higher voltage exceeding a 
prescribed voltage. The DC voltage from the full-Wave 
recti?er 12 causes a primary coil L1 of a transformer 14 to 
induce a secondary voltage in secondary coils L2, L3 and 
L4. ApoWer sWitch 16 is sWitched on/off to control the level 
of the secondary voltage induced in the secondary coils L2, 
L3 and L4 according to a sWitching control signal. 

The secondary voltage induced in the secondary coil L2 
is recti?ed by a ?rst rectifying circuit 18 consisting of a 
resistor R3, diode D3 and capacitor C3 to stabiliZe the DC 
voltage supplied to the poWer sWitch 16. The secondary 
voltage induced in the secondary coil I3 is recti?ed by a 
second rectifying circuit 20 consisting of a diode D31 and 
capacitor C31. The recti?ed voltage from the second recti 
fying circuit 20 is smoothed by a smoothing circuit 24 
consisting of a choke coil L31, capacitor C32 and resistor 
R31, charging the storage batteries. The secondary voltage 
induced in the secondary coil L4 is recti?ed by a third 
rectifying circuit 22 consisting of a diode D21 and capacitor 
C21, supplied to a chopper circuit 26, Which consists of a 
?rst regulator U22, capacitor C22, coil L21 and diode D22, 
to adjust the recti?ed voltage of the third rectifying circuit 22 
to a prescribed level. 
A ?rst charging voltage control circuit 40 consists of 

resistors R30, R71, capacitor C26, transistor Q24, and ?eld 
effect transistor FET Q23 to supply or block the charging 
voltage to a ?rst battery loaded in a pocket ‘A’ according to 
a charging on/off control signal generated by a rnicropro 
cessor 46. A second charging voltage control circuit 42 
consists of resistors R44, R72, capacitor C35, transistor 
Q34, and ?eld effect transistor FET Q25 to supply or block 
the charging voltage to a second battery loaded in a pocket 
‘B’ according to a charging on/off control signal generated 
by the microprocessor 46. 
A ?rst charging voltage selection circuit 36 consists of 

resistors R27, R28, R29, variable resistor VR1, diode D23, 
capacitor C50, and transistor Q22, to set a ?rst charging 
voltage ?t for the voltage type of the battery loaded in the 
pocket ‘A’ according to a charging voltage selection control 
signal generated by the microprocessor 46. A second charg 
ing voltage selection circuit 38 consists of resistors R41, 
R42, R47, variable resistor VR2, diode D32, and transistor 
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2 
Q33, to set a second charging voltage ?t for the voltage type 
of the battery loaded in the pocket ‘B’ according to a 
charging voltage selection control signal generated by the 
microprocessor 46. 
A ?rst charging current control circuit 32 consists of 

resistors R34, R36, R37, R38, R88, R99, operational arnpli 
?er U23A, and transistors Q31, Q88, Q99, to regulate the 
DC current from the smoothing circuit 24, and to control the 
charging current according to ?rst and second current con 
trol signals generated by the microprocessor 46 detecting the 
voltage type of the battery. The rnicroprocessor 46 recog 
niZes the voltage types of the ?rst and second batteries 
loaded in the respective pockets ‘A’ and ‘B’ by detecting the 
different resistance values of both batteries across resistors 
R62 and R63 respectively connected betWeen the source 
voltage VCC and the C/F terminals of both batteries, to 
generate the ?rst and second charging voltage selection 
control signals according to the voltage types of the 
batteries, and the sWitching control signals for supplying the 
charging voltages to the pockets ‘A’ and ‘B’. It also gener 
ates ?rst, second, third, and fourth current control signals 
according to the current capacities of the batteries, charging 
on/off control signal by detecting the value of the voltage 
corresponding to the current detected from the ?rst charging 
current control circuit 32, and display control signal to 
indicate the charged state of the ?rst and second batteries. 
A charging current/voltage control circuit 34 consists of 

resistors R32, R40, R69, R70, operational arnpli?ers U24A, 
U24B, transistor Q37, capacitors C39, C44, C45, C46, C47, 
and photo-coupler PC1, to compare the charging voltage set 
by the second charging voltage selection circuit 38 With a 
prescribed reference voltage to generate a sWitching control 
signal for regulating the charging voltage corresponding to 
the voltage type of the battery, and a sWitching control signal 
for controlling the poWer sWitch 16 according to the charg 
ing current detected from the ?rst charging current control 
circuit 32. A charging voltage control circuit 30 consists of 
a resistor R25, operational arnpli?er U26A, diode D24, and 
capacitor C24, to compare the charging voltage selected by 
the ?rst charging voltage selection circuit 36 With a pre 
scribed reference voltage so as to regulate the charging 
voltage supplied to the battery. 
A second charging current control circuit 28 consists of 

resistors R20, R21, R22, R23, R24, R80, capacitor C23, 
operational arnpli?er U23B, and transistor Q21 to regulate 
the DC current from the chopper circuit 26, and to control 
the charging current according to the fourth current control 
signal generated by the microprocessor 46 detecting the 
current capacity of the battery. 

First and second LED devices 48 and 50 each consist of 
a pair of green LED for signaling the battery fully charged 
and red LED for the battery not fully charged. In addition, 
sirnultaneously charging both batteries of the pockets ‘A’ 
and ‘B’, both red and green LEDs are turned on to indicate 
that the second charging voltage is loWer than the ?rst 
charging voltage. A ?rst regulator 44 adjusts the recti?ed 
voltage of the ?rst rectifying circuit 22 to a predetermined 
level to generate a source voltage Vcc supplied to the 
charging apparatus. 

Such a conventional battery charger requires rnultiple 
current sources, and thus, separate chopper circuits and 
voltage and current control circuits for controlling the cur 
rent sources, so that its circuit is complicated to increase the 
siZe together With the cost. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a battery 
charger for simultaneously charging rnultiple storage 



US 6,392,384 B1 
3 

batteries, Which employs a single source voltage to alter 
nately charge the multiple storage batteries at different time 
intervals alternately predetermined according to their cur 
rent capacities, thus reducing the siZe and cost of the battery 
charger. 

According to an aspect of the present invention, a battery 
charger for charging at least tWo storage batteries, com 
prises: a ?rst charging pocket for receiving a ?rst storage 
battery; a second charging pocket for receiving a second 
storage battery; a main controller for generating a poWer 
supply control signal, a charging voltage setting control 
signal according to the voltage types of the batteries inserted 
in the ?rst and second charging pockets, and a charging 
current setting control signal according to the current capaci 
ties of the batteries; a voltage adjustment circuit for adjust 
ing the charging voltage to the levels respectively ?t for the 
voltage types of the batteries according to the charging 
voltage setting control signal; a current adjustment circuit 
for adjusting the charging current to the levels respectively 
?t for the current capacities of the batteries according to the 
charging current setting control signal; and a poWer supply 
control circuit for supplying or blocking the charging volt 
ages to the batteries according to the poWer supply control 
signal. 

The present invention Will noW be described more spe 
ci?cally With reference to the draWings attached only by Way 
of eXample. 

BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

FIGS. 1A and 1B are a circuit diagram for illustrating the 
structure of a conventional battery charger; 

FIGS. 2A and 2B are a circuit diagram for illustrating the 
structure of a battery charger according to an embodiment of 
the present invention; 

FIG. 3 is a How chart for illustrating the process of 
charging a single storage battery loaded in one of the pockets 
provided in the inventive battery charger; 

FIGS. 4A and 4B are a How chart for illustrating the 
process of charging multiple storage batteries loaded in the 
multiple pockets provided in the inventive battery charger; 

FIGS. 5A and 5B shoW a How chart for illustrating the 
process of charging multiple storage batteries loaded in the 
multiple pockets provided in the inventive battery charger 
according to another embodiment; and 

FIG. 6 illustrates the timing pulses for alternately charg 
ing the multiple batteries according to another embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring noW to the draWings, in Which like reference 
numerals describe similar or identical elements, and With 
particular reference to FIGS. 2A and 2B, the circuit of the 
present invention includes an input terminal 10 for connect 
ing With a poWer source of AC 110V to 220V, and a 
full-Wave recti?er 12 consisting of bridge diodes D91—D94 
and a capacitor C2 for full-Wave rectifying the AC poWer 
from the input terminal 10 are used to produce a smoothed 
DC voltage. A Zener diode ZD1, resistor R1 and diode D2 
serve to block a higher voltage exceeding a prescribed 
voltage. The DC voltage form the full-Wave recti?er 12 
causes a primary coil L1 of a transformer 14 to induce a 
secondary voltage in the secondary coils L2, L3 and L4. A 
poWer sWitch 16 is sWitched on/off to control the level of the 
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secondary voltage induced in secondary coils L2, I3 and L4 
according to a sWitching control signal. 
The secondary voltage induced in the secondary coil L2 

is recti?ed by a ?rst rectifying circuit 18 consisting of a 
resistor R3, diode D3 and capacitor C3 to stabiliZe the DC 
voltage supplied to the poWer sWitch 16. The secondary 
voltage induced in the secondary coil L3 is recti?ed by a 
second rectifying circuit 20 consisting of a diode D31 and 
capacitor C31. The recti?ed voltage from the second recti 
fying circuit 20 is smoothed by a smoothing circuit 24 
consisting of a choke coil I31, capacitor C32 and resistor 
R31, charging the storage batteries. The secondary voltage 
induced in the secondary coil L4 is recti?ed by a third 
rectifying circuit 22 consisting of a diode D21 and capacitor 
C21, supplied to a DC/DC converter 44. 
A ?rst charging voltage supply control circuit 40 com 

prises an FET Q23 to supply or block the charging voltage 
to a ?rst battery loaded in pocket ‘B’ in response to a 
charging on/off control signal generated by the a micropro 
cessor 46. As an eXample the Samsung Electronics Co. KS 
86P40045 microprocessor can be used. A second charging 
voltage supply control circuit 42 comprises an FET Q24 to 
supply or block the charging voltage to a second battery 
loaded in pocket ‘A’ in response to a charging on/off control 
signal generated by the microprocessor 46. A charging 
voltage selection circuit 36 consists of resistors R40, R41, 
R42, R43, variable resistor VR1, and diode D32, to set the 
?rst charging voltage in response to a charging voltage 
selection signal generated by the microprocessor 46 detect 
ing the voltage type of the battery loaded in the pocket ‘A’. 
A charging current control circuit 32 consists of resistors 
R33, R34, R35, R36, R54, R55, R56, R57, operational 
ampli?er U23, and transistor Q31, to regulate the DC current 
from the smoothing circuit 24, and to control the charging 
current according to ?rst, second, and third current control 
signal generated by the microprocessor 46 detecting the 
current capacities of the batteries. 
The microprocessor 46 detects the voltage types of the 

?rst and second batteries loaded in the ?rst and second 
pockets ‘A’ and ‘B’ based on the values of their internal 
resistances detected across resistors R64 and R65 respec 
tively connected With the C/F terminals of the batteries in 
order to generate ?rst and second charging voltage selection 
control signals according to the detected voltage types of the 
batteries. The microprocessor 46 also generates a sWitching 
control signal to supply the charging voltages to the pockets 
‘A’ and ‘B’, and ?rst, second, and third current control 
signals according to the detected current capacities of the 
batteries, a charging on/off control signal based on the 
detection of the charged states of the batteries according to 
the value of the current detected from the charging current 
control circuit 32, and a display control signal to indicate the 
charged states of the ?rst and second batteries. The charging 
current and voltage control circuit 34 consists of resistors 
R32, R37, R38, R39, operational ampli?ers U32A, U32B, 
transistor Q37, capacitors C39, C44, C45, C46, C47, and 
photo-coupler PC1, to compare the charging voltage set by 
the charging voltage selection circuit 36 With a prescribed 
reference voltage so as to generate a sWitching control signal 
for supplying the charging voltage ?t for the voltage type of 
the battery, and a sWitching control signal according to the 
amount of the charging current detected from the charging 
current control circuit 32 to control the poWer sWitch 16. 

First and second LED devices 48 and 50 each consist of 
a pair of red and green LEDs to indicate the charged states 
of the batteries under the control of the microprocessor 46. 
The green LED indicates the fully charged state, and the red 
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LED indicates the state under charging. When simulta 
neously charging both batteries of the pockets ‘A’ and ‘B’, 
both red and green LEDs are all turned on to indicate the 
state of the second battery being charged by yellow, thus 
representing that the second charging voltage is loWer than 
the ?rst charging voltage. The DC/DC converter 44 adjusts 
the recti?ed voltage from the third rectifying circuit 22 to a 
predetermined level supplied as a source voltage Vcc for the 
charger. 

Describing the process for charging a single battery 
inserted in one of the pockets of the charger in connection 
With FIG. 3, the microprocessor 46 proceeds to step 103 
upon detecting a storage battery inserted in the pocket ‘A’ in 
step 101. In step 103, it detects the voltage type and current 
capacity of the battery cell inserted in the pocket ‘A’ based 
on the voltage levels inputted through ports ‘J’ and ‘L’. As 
an example, the voltage type is detected to be 4.1V or 4.2V 
through the port ‘J’, and, also as an example, the current 
capacity to be small (400 mA), medium (800 mA), or large 
(1200 mA) through the port ‘L’. The voltage type of the 
battery inserted in the pocket ‘A’ is detected based on the 
divided voltage betWeen the resistor R64 and the resistance 
R90 provided in the battery applied through the port ‘J’ of 
the microprocessor 46. 

If the battery inserted in the pocket ‘A’ is detected not as 
4.1V but as 4.2V in step 104, the microprocessor 46 pro 
ceeds to step 105 to generate through port ‘T’ logically loW 
signal for the charging voltage selection signal of the battery 
of the pocket ‘A’, so that the divided voltage produced by the 
resistors R40 and R41 and variable resistor VR1 of the 
charging voltage setting circuit 36 is applied to the inverting 
input (—) of the comparator U32A, used as the voltage for 
setting the charging voltage ?t for the voltage type of the 
storage battery of the pocket ‘A’. Then, the comparator 
U32A compares the set voltage With a prescribed reference 
voltage applied to the non-inverting input (+), in order to 
generate logically loW or high signal according as the set 
voltage is higher or loWer than the reference voltage. If the 
output signal of the comparator U32A is loW, the transistor 
Q37 is turned on so as to cause the light emitting diode PCa 
of the photo-coupler PC1 to generate a light ray received by 
the light-sensitive transistor PCb, Which is turned on to 
control the poWer sWitch 16. On the contrary, if the output 
signal of the comparator U32A is high, the transistor Q37 is 
turned off, and so the light emitting diode PCa, so that the 
light-sensitive transistor PCb is also turned off. This opera 
tion of turning on and off is rapidly repeated to maintain the 
charging voltage as 4.2V. 
On the other hand, if the microprocessor 46 generates 

high signal through ports ‘S’ and ‘T’ in step 106, the divided 
voltage produced by the resistors R40 and R41 and variable 
resistor VR1 is applied to the inverting input of the com 
parator U32A used as the voltage for setting the charging 
voltage of the battery of the pocket ‘A’ to 4.1V. Then, the 
comparator U32A compares the set voltage With the refer 
ence voltage applied to the non-inverting input (+), in order 
to generate logically loW or high signal according as the set 
voltage is higher or loWer than the reference voltage. If the 
output signal of the comparator U32A is loW, the transistor 
Q37 is turned on so as to cause the light emitting diode PCa 
of the photo-coupler PC1 to generate a light ray received by 
the light-sensitive transistor PCb, Which is turned on to 
control the poWer sWitch 16. On the contrary, if the output 
signal of the comparator U32A is high, the transistor Q37 is 
turned off, and so the light emitting diode PCa, so that the 
light-sensitive transistor PCb is also turned off This opera 
tion of turning on and off is rapidly repeated to maintain the 
charging voltage as 4.1V. 
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6 
Thereafter, if the microprocessor 46 detects the current 

capacity of the battery of the pocket ‘A’ to be small (400 
mA) in step 107, it proceeds to step 108 to generate through 
port ‘N’ loW signal supplied through the resistor R57 to the 
inverting input (—) of the comparator U32B. The comparator 
U32B generate loW or high signal in step 108 according as 
the voltage applied to the inverting input (—) is higher or 
loWer than the reference voltage applied to the non-inverting 
input If the output signal of the comparator U32B is loW, 
the transistor Q37 is turned on so as to cause the light 
emitting diode PCa of the photo-coupler PC1 to generate a 
light ray received by the light-sensitive transistor PCb, 
Which is turned on to control the poWer sWitch 16. On the 
contrary, if the output signal of the comparator U32B is high, 
the transistor Q37 is turned off, and so the light emitting 
diode PCa, so that the light-sensitive transistor PCb is also 
turned off. This operation of turning on and off is rapidly 
repeated to control the charging voltage. When the smooth 
ing circuit 24 supplies the charging voltage, the current 
?oWing through the resistors R34 and R35 is ampli?ed 
through the operational ampli?er U23, supplied to the base 
of the transistor Q31, Whose output is linearly varied accord 
ing to the output of the operational ampli?er U23 to result 
in linear variation of the voltage applied to the port ‘R’ of the 
microprocessor 46. Thus, the microprocessor 46 may con 
vert the voltage variation into the value of the current 
?oWing through the resistors R35 and R34. Subsequently, 
the microprocessor 46 supplies the ?rst charging voltage 
supply control signal through the port ‘I’ to the gate of the 
FET Q24 to charge the battery of the pocket ‘A’. 

HoWever, if the current capacity of the battery is not 
detected small in step 107, the microprocessor 46 proceeds 
to step 109 to detect it to be medium (800 mA). Then, in step 
110, the microprocessor 46 generates a loW signal through 
the port ‘O’ to the resistor R56. In step 113, the micropro 
cessor 46 supplies the ?rst charging voltage supply control 
signal through the port ‘I’ to the gate of the FET Q24 to 
charge the battery of the pocket ‘A’. On the other hand, if the 
current capacity of the battery is not detected medium in step 
109, the microprocessor 46 proceeds to step 111 to detect it 
to be large (1200 mA). Then, in step 112, the microprocessor 
46 generates a loW signal through the port ‘P’ to the resistor 
R55. In step 113, the microprocessor 46 supplies the ?rst 
charging voltage supply control signal through the port ‘I’ to 
the gate of the FET Q24 to charge the battery of the pocket 
‘A’. MeanWhile, the microprocessor 46 checks the charging 
state of the battery of the pocket ‘A’ through the port ‘S’. For 
eXample, it periodically detects Whether the current ?oWing 
from the battery is 120 mA, 90 mA or 70 mA respectively 
for the large, medium or small current capacity. Detecting 
the same value 19 times and the fully charged voltage of 
3.9V maintained for a predetermined time, the battery 
inserted in the pocket ‘A’ is determined to be in the fully 
charged state. The battery being fully charged, the micro 
processor 46 applies the ?rst charging voltage cut-off signal 
to the gate of the FET Q24 to stop the charging. HoWever, 
reverting to step 101, if the battery is not inserted in the 
pocket ‘A’, it proceeds to step 102 to check the battery to be 
inserted in the pocket ‘B’. The battery being inserted in the 
pocket ‘B’, the steps of 103 to 113 are likewise performed 
to charge the battery. 

Describing the process for charging the batteries simul 
taneously inserted in the tWo pockets in connection With 
FIG. 4, if a battery is inserted in the pocket ‘A’ and under 
charging in step 201, as described With reference to FIG. 3, 
the microprocessor 46 proceeds to step 202 to check the 
pocket ‘B’ to have a battery. Not detecting the battery in the 
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pocket ‘B’, the step 203 is carried out to keep on charging 
of the battery in the pocket ‘A’. On the contrary, a battery 
being inserted in the pocket ‘B’ in step 202, the step 204 is 
performed to detect the voltage type and current capacity of 
the battery of the pocket ‘B’. In this case, the microprocessor 
46 detects the current capacity through the port ‘M’ and the 
voltage type through the port ‘K’. Then, in step 205, the 
microprocessor 46 makes the voltage and current setting 
according to the voltage type and current capacities of the 
batteries in both pockets ‘A’ and ‘B’, as shoWn in the 
folloWing Table 1. 

TABLE 1 

8 
charged. Not detecting the fully charged state of the battery 
of pocket ‘A’, step 220 is performed to keep on charging the 
batteries of pockets ‘A’ and ‘B’. On the contrary, if the 
battery of pocket ‘A’ is fully charged, the microprocessor 46 
proceeds to step 221 to control the ?rst LED device 48 to 
turn on the green LED indicating the fully charged state. 
Then, the microprocessor 46 generates in step 222 a loW 
signal through the port ‘I’ to turn off the FET Q24 to stop the 
charging. Subsequently, the microprocessor detects in step 
223 through the ports ‘M’ and ‘K’ Whether the battery of 
pocket ‘B’ is fully charged. Not detecting the fully charged 

Voltage Setting Current Selection 

Voltage Selection Current Selection 
Pocket A Pocket B Signal Pocket A Pocket B Signal 

4.1 V 4.1 V High Signal through Small Small High Signal 
Ports ‘S’ & ‘T’ through Port ‘N’ 

4.2 V 4.1 V LoW Signal through Small Medium High Signal 
Port ‘S’ through Port ‘O’ 

4.1 V 4.2 V LoW Signal through Medium Large High Signal 
Port ‘S’ through Port ‘P’ 

4.2 V 4.2 V LoW Signal through Large Large High Signal 
Port ‘T’ through Port ‘V’ 

In step 206, the microprocessor 46 generates high signal 
through the ports ‘H’ and ‘I’ to turn on the FETs Q23 and 
Q24 to charge the batteries of the pockets ‘A’ and ‘B’. The 
values of the resistors R54, R55, R56, and R57 should be 
determined according to the current capacities of the bat 
teries. 

HoWever, if the battery of the pocket ‘A’ is not under 
charging in step 201, the battery of the pocket ‘B’ is checked 
to be under charging in step 207. If the battery of the pocket 
‘B’ is under charging, the step 208 is performed to check a 
battery inserted in the pocket ‘A’. The process goes to step 
209 or step 201 depending on Whether a battery is inserted 
in pocket ‘A’ or not. In step 209, the microprocessor detects 
the current capacity of the battery in the pocket ‘A’ through 
the port ‘L’, and its voltage type through the port ‘J’. In step 
210, the microprocessor 46 sets the voltages and currents 
according to the voltage types and current capacities of the 
batteries of the pockets ‘A’ and ‘B’, as shoWn in Table 1, and 
proceeds to step 211 to generate a high signal through ports 
‘H’ and ‘I’ to turn on the FETs Q23 and Q24 to charge the 
batteries of the pockets ‘A’ and ‘B’. 

MeanWhile, if the microprocessor 46 detects the fully 
charged state of the battery of pocket ‘B’ in step 212, it 
proceed to step 213 to control the second LED device 50 to 
turn on the green LED indicating the fully charged state. 
Then, the microprocessor 46 generates a loW signal through 
the port ‘H’ to turn off the FET Q23 to stop the charging. In 
addition, the microprocessor 46 detects in step 215 through 
the ports ‘J’ and ‘L’ Whether the battery of pocket ‘A’ is fully 
charged. If the battery of pocket ‘A’ is not fully charged, it 
proceeds to step 216 to keep on charging the battery. 
HoWever, detecting the fully charged state of the battery in 
pocket ‘A’, the microprocessor 46 proceeds to step 217 to 
control the ?rst LED device 48 to turn on the green LED 
indicating the fully charged state. Then, the microprocessor 
46 generates in step 218 a loW signal through the port ‘I’ to 
turn off the FET Q24 to stop the charging. 

HoWever, if the battery of pocket ‘B’ is not fully charged 
in step 212, the microprocessor detects in step 219 through 
the ports ‘J’ and ‘L’ Whether the battery of pocket ‘A’ is fully 
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state of the battery of pocket ‘B’, step 224 is performed to 
keep on charging the battery of pocket ‘B’. On the contrary, 
if the battery of pocket ‘B’ is fully charged, the micropro 
cessor 46 proceeds to step 225 to control the second LED 
device 50 to turn on the green LED indicating the fully 
charged state. Then, the microprocessor 46 generates in step 
226 a loW signal through the port ‘H’ to turn off the FET Q23 
to stop the charging. 

Describing another embodiment of the inventive process 
for charging the multiple batteries inserted in the multiple 
pockets of the charger in connection With FIGS. 5A, 5B and 
6, the microprocessor 46 checks to see if it detects a battery 
inserted in pocket ‘A’ in step 301. If no battery is detected 
in pocket ‘A’ the process proceeds to step 301a to check 
pocket ‘B’. This process continues until a battery is detected 
in one of the pockets. If a battery is detected in pocket ‘B’ 
then the process proceeds as depicted in FIGS. 5A and 5B 
With the labels ‘A’ and ‘B’ substituted for each other. If a 
battery is detected in pocket ‘A’ the process proceeds to step 
302 to detect the voltage type and current capacity of the 
battery of pocket ‘A’ based on the voltage level inputted 
through the ports ‘J’ and ‘L’. Namely, through the port ‘J’ is 
detected Whether the voltage type is 4.1V or 4.2V, and 
through the port ‘L’ Whether the current capacity is small 
(400 mA), medium (800 mA), or large (1200 mA). The 
voltage type of the battery inserted in pocket ‘A’ is detected 
based on the divided voltage betWeen the resistor R64 and 
the resistance R90 provided in the battery applied through 
the port ‘J’ of the microprocessor 46. 

If the battery inserted in pocket ‘A’ is detected not as 4.1V 
but as 4.2V, the microprocessor 46 proceeds to step 304 to 
generate through port ‘T’ loW signal for the charging voltage 
selection signal of the battery of pocket ‘A’, so that the 
divided voltage produced by the resistors R40 and R41 and 
variable resistor VR1 of the charging voltage setting circuit 
36 is applied to the inverting input of the comparator U32A, 
used as the voltage for setting the charging voltage ?t for the 
voltage type of the storage battery of the pocket ‘A’. Then, 
the comparator U32A compares the set voltage With a 
prescribed reference voltage applied to the non-inverting 
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input (+), in order to generate a logically loW or high signal 
depending on Whether the set voltage is higher or loWer than 
the reference voltage. If the output signal of the comparator 
U32A is loW, the transistor Q37 is turned on so as to cause 
the light emitting diode PCa of the photo-coupler PC1 to 
generate a light ray received by the light-sensitive transistor 
PCb, Which is turned on to control the poWer sWitch 16. On 
the contrary, if the output signal of the comparator U32A is 
high, the transistor Q37 is turned off, and so the light 
emitting diode PCa, so that the light-sensitive transistor PCb 
is also turned off, This operation of turning on and off is 
rapidly repeated to maintain the charging voltage as 4.2V. 
On the other hand, if the microprocessor 46 generates a 

high signal through ports ‘S’ and ‘T’ for the voltage type of 
4.1V in step 305, the divided voltage produced by the 
registers R40 and R41 and variable resistor VR1 is applied 
to the inverting input of the comparator U32A used as the 
voltage for setting the charging voltage of the battery of 
pocket ‘A’ to 4.1V. Then, the comparator U32A compares 
the set voltage With the reference voltage applied to the 
non-inverting input (+), in order to generate a logically loW 
or high signal depending on Whether the set voltage is higher 
or loWer than the reference voltage. If the output signal of 
the comparator U32A is loW, the transistor Q37 is turned on 
so as to cause the light emitting diode PCa of the photo 
coupler PC1 to generate a light ray received by the light 
sensitive transistor PCb, Which is turned on to control the 
poWer sWitch 16. On the contrary, if the output signal of the 
comparator U32A is high, the transistor Q37 is turned off, 
and so the light emitting diode PCa, so that the light 
sensitive transistor PCb is also turned off. This operation of 
turning on and off is rapidly repeated to maintain the 
charging voltage as 4.1V. 

Thereafter, if the microprocessor 46 detects the current 
capacity of the battery of pocket ‘A’ to be small (400 mA) 
in step 306, it proceeds to step 307 to generate through port 
‘N’ a loW signal supplied through the resistor R57. In this 
case, When the smoothing circuit 24 supplies the charging 
voltage, the current ?oWing through the resistors R34 and 
R35 is ampli?ed through the operational ampli?er U23, 
supplied to the base of the transistor Q31, Whose output is 
linearly varied according to the output of the operational 
ampli?er U23 to result in linear variation of the voltage 
applied to the port ‘R’ of the microprocessor 46. Thus, the 
microprocessor 46 may convert the voltage variation into the 
value of the current ?oWing through the resistors R35 and 
R34. 

HoWever, if the current capacity of the battery is not 
detected small in step 306, the microprocessor 46 proceeds 
to step 308 to detect it to be medium (800 mA). Detecting 
medium, the microprocessor 46 generates in step 309 a loW 
signal through the port ‘O’ to the resistor R56. On the other 
hand, if not detecting medium in step 308, the micropro 
cessor 46 proceeds to step 310 to check Whether the current 
capacity of the battery is large (1200 mA). If so, the 
microprocessor 46 generates in step 311 a loW signal 
through the port ‘P’ to the resistor R55. Thus, selecting the 
current and voltage ?t for the current capacity and voltage 
type of the battery of pocket ‘A’, the microprocessor 46 
supplies in step 311 the ?rst charging voltage supply control 
signal through the port ‘I’ to the gate of the FET Q24 to 
charge the battery of pocket ‘A’. 

MeanWhile, the microprocessor 46 detects in step 313 
Whether a battery is inserted in pocket ‘B’. If not detecting 
the battery, it returns to step 312. But, if detecting it, it 
proceeds to step 314 to generate through port ‘I’ a loW signal 
applied to the gate of the FET 24, Which then is turned off 
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10 
to stop the charging of the battery in pocket ‘A’. In step 315, 
the microprocessor 46 detects the voltage type and current 
capacity of the battery in pocket ‘B’ based on the voltage 
levels input through the ports ‘K’ and ‘M’. Namely, through 
the port ‘K’ is detected the voltage type, 4.1V or 4.2V, and 
through the port ‘M’ the current capacity, 400 mA, 800 mA 
or 1200 mA. In step 316, the microprocessor 46 detects the 
charging state of the battery in pocket ‘A’ based on the 
voltage level input through the port ‘L’, proceeding to step 
317 to set the voltages and currents according to the voltage 
types and current capacities of the batteries inserted in 
pockets ‘A’ and ‘B’, as described in Table 1. 

In step 318, the microprocessor 46 alternately provide the 
gates of the FETs Q23 and Q24 With charging voltage 
supplying control signals according to the voltage types and 
current capacities of the batteries in pockets ‘A’ and ‘B’. Of 
course, the time intervals for alternately charging the bat 
teries in pockets ‘A’ and ‘B’ are determined according to the 
voltage types and current capacities. For eXample, setting 
the time difference as 1 minute for the charging voltage 
difference of 0.1V and as 1 minute for the current capacity 
difference betWeen the tWo batteries, the microprocessor 46 
applies a control signal as shoWn by B1 of FIG. 6 to the FET 
Q24, and a control signal as shoWn by B2 of FIG. 6 to the 
FET Q23, respectively for the battery With the charging 
voltage of 2.8V and the small current capacity in the pocket 
‘A’ and the battery With the charging voltage of 3.0V and the 
medium current capacity in the pocket ‘B’. Thus, the bat 
teries in the pockets ‘A’ and ‘B’ are alternately charged 
respectively for 3 minutes and 6 minutes until fully charged. 

Thereafter, detecting the fully charged state of the battery 
in pocket ‘A’, the microprocessor 46 proceeds to step 320 to 
turn on the green LED of the ?rst LED device 48 indicating 
the fully charged state as Well as to generate loW signal 
through the port ‘I’ to turn off the FET Q24 stopping the 
charging. MeanWhile, the microprocessor 46 checks the 
charged state of the battery in pocket ‘B’ through the ports 
‘K’ and ‘M’ in step 322. If not detecting the fully charged 
state, it supplies in step 323 the charging voltage supplying 
control signal to the gate of the FET Q23 to keep on charging 
of the battery in pocket ‘B’. HoWever, detecting the fully 
charged state, it proceeds to step 324 to turn on the green 
LED of the second LED device 50 indicating the fully 
charged state of the battery in pocket ‘B’ as Well as to 
generate a loW signal through the port ‘H’ to turn off the FET 
Q23 stopping the charging of the battery in pocket ‘B’. 

HoWever, reverting to step 319, if the battery in pocket ‘A’ 
is not fully charged, the microprocessor 46 proceeds to step 
326 to detect through the ports ‘M’ and ‘K’ Whether the 
battery of the pocket ‘B’ is fully charged. If not detecting the 
fully charged state of the battery of pocket ‘B’, the process 
returns to step 318. Or otherWise, it proceeds to step 327 to 
turn on the green LED of the second LED device 50 
indicating the full charged state of the battery of pocket ‘B’, 
and generates a loW signal through the port ‘H’ to turn off the 
FET Q23, proceeding to step 329 to detect through the ports 
‘L’ and ‘J’ Whether the battery of the pocket ‘A’ is fully 
charged. If not detecting the fully charged state of the battery 
in the pocket ‘A’, it proceeds to step 330 to keep on charging 
it. HoWever, detecting the fully charged state, it proceeds to 
step 331 to turn on the green LED of the ?rst LED device 
48 indicating the fully charged state of the battery in pocket 
‘A’, and generates in step 332 a loW signal through the port 
‘I’ to turn off the FET Q24 stopping the charging. Of course, 
the method of detecting the fully charged state is achieved 
as shoWn in FIG. 3. 

Thus, the multiple batteries inserted in the multiple pock 
ets of the battery charger may be charged simultaneously by 
using a single voltage source, thereby reducing its siZe and 
cost. 



US 6,392,384 B1 
11 

While the present invention has been described in con 
nection With speci?c embodiments accompanied by the 
attached drawings, it Will be readily apparent to those skilled 
in the art that various changes and modi?cations may be 
made thereto Without departing the gist of the present 
invention. 
What is claimed is: 
1. A battery charger for charging at least tWo storage 

batteries, comprising: 
a ?rst charging pocket for receiving a ?rst storage battery; 
a second charging pocket for receiving a second storage 

battery; 
a main controller for generating a poWer supply control 

signal, a charging voltage setting control signal accord 
ing to the voltage types of the batteries inserted in the 
?rst and second charging pockets, and a charging 
current setting control signal according to the current 
capacities of said batteries; 

a voltage adjustment circuit for adjusting a charging 
voltage to the levels ?t for the voltage types of said 
batteries, respectively, according to said charging volt 
age setting control signal; 

a current adjustment circuit for adjusting a charging 
current to the levels ?t for the current capacities of said 
batteries, respectively, according to said charging cur 
rent setting control signal; and 

a poWer supply control circuit for supplying or blocking 
the charging voltages to said batteries according to said 
poWer supply control signal. 

2. A battery charger as de?ned in claim 1, Wherein said 
voltage adjustment circuit further includes a voltage setting 
part for setting the charging voltage according to the 
detected voltage types of said ?rst and second batteries, and 
a charging voltage control circuit for comparing the set 
charging voltage With a predetermined reference voltage to 
generate a sWitching control signal to produce a uniform set 
charging voltage. 

3. Abattery charger as de?ned in claim 2, further includ 
ing a charged voltage detector for generating a voltage to 
detect the amount of the voltages charged in said ?rst and 
second batteries. 

4. A battery charger for charging at least tWo storage 
batteries, comprising: 

an AC/DC converter for converting an AC voltage into a 
DC charging voltage; 

a ?rst charging pocket for receiving a ?rst storage battery; 
a second charging pocket for receiving a second storage 

battery; 
a ?rst and second charging voltage supply control circuit 

for controlling said DC charging voltage to be supplied 
to or blocked from said ?rst and second batteries; 

a charging voltage setting circuit for setting said charging 
voltage according to the voltage types of said ?rst and 
second batteries respectively inserted in said ?rst and 
second charging pockets; 

a charging current detector for detecting a charging cur 
rent based on the detection of a DC current supplied 
from said AC/DC converter; 

a main controller for recogniZing the voltage types and 
current capacities of said ?rst and second batteries 
inserted in said ?rst and second charging pockets by 
respectively detecting their internal resistance values 
and speci?ed voltages to generate a charging voltage 
setting control signal and a charging current selection 
signal respectively according to said voltage types and 
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current capacities, and for generating a charging on/off 
control signal according to the voltage detected from 
said charging current detector and a display control 
signal to indicate a charged state of said ?rst and second 
batteries; and 

a charging voltage control circuit for comparing the set 
charging voltage of said charging voltage setting circuit 
With a prescribed reference voltage to generate a 
sWitching control signal to said AC/DC converter to 
regulate the level of said charging voltage. 

5. Abattery charger as de?ned in claim 4, further includ 
ing a charging current selection circuit to control the charg 
ing current of said charging current detector according to 
said charging current selection signal. 

6. Abattery charger as de?ned in claim 5, further includ 
ing a ?rst and a second LED for indicating the charged state 
of said ?rst and second batteries under the control of said 
main controller. 

7. A battery charger as de?ned in claim 4, Wherein said 
charging voltage control circuit includes a comparator for 
comparing the set charging voltage of said charging voltage 
setting circuit With a prescribed voltage to generate a logi 
cally loW signal When said set charging voltage is greater 
than said reference voltage, a sWitching transistor turned on 
in response to the loW signal from said comparator, and a 
photo-coupler for controlling said AC/DC converter to pro 
duce the set charging voltage by means of a light-sensitive 
output transistor driven by a light emitting diode controlled 
by said sWitching transistor. 

8. A battery charger for charging at least tWo storage 
batteries, comprising: 

a ?rst charging pocket for receiving a ?rst storage battery; 
a second charging pocket for receiving a second storage 

battery; 
a main controller for generating a charging voltage setting 

control signal according to the voltage types of the 
batteries inserted in the ?rst and second charging 
pockets, a charging current setting control signal 
according to the current capacities of said batteries, and 
a poWer supply control signal to alternately charge said 
batteries at different intervals according to said voltage 
types and current capacities; 

a charging voltage control circuit for adjusting a charging 
voltage to levels ?t for the voltage types of said 
batteries, respectively, according to said charging volt 
age setting control signal; 

a current adjustment circuit for adjusting a charging 
current to levels ?t for the current capacities of said 
batteries, respectively, according to said charging cur 
rent setting control signal; and 

a poWer supply control circuit for alternately supplying or 
blocking the charging voltages to said batteries accord 
ing to said poWer supply control signal. 

9. Abattery charger as de?ned in claim 8, further includ 
ing a ?rst and a second LED for indicating a charged state 
of said ?rst and second batteries under the control of said 
main controller. 

10. A battery charger as de?ned in claim 8, Wherein said 
charging voltage control circuit includes a comparator for 
comparing the adjusted charging voltage With a prescribed 
voltage to generate a logically loW signal When said set 
voltage is greater than said reference voltage, a sWitching 
transistor turned on in response to the loW signal from said 
comparator, and a photo-coupler for controlling said AC/DC 
converter to produce the adjusted charging voltage by means 
of a light-sensitive output transistor driven by a light emit 
ting diode controlled by said sWitching transistor. 



US 6,392,384 B1 
13 

11. A method for charging multiple storage batteries 
inserted in at least tWo pockets provided in a battery charger, 
comprising the steps of: 

detecting voltage types and current capacities of said 
storage batteries; and 

charging said storage batteries With a charging voltage 
and a charging current respectively according to said 
voltage types and current capacities. 

12. A method as de?ned in claim 11, Wherein the voltage 
types of batteries are one of 4.1V and 4.2V cell. 

13. A method as de?ned in claim 12, Wherein the current 
capacities of batteries are one of large, medium, and small. 

14. A method as de?ned in claim 12, Wherein said 
charging voltage is 4.1V When the voltage types of said 
batteries are all 4.1V cell. 

15. A method as de?ned in claim 12, Wherein said 
charging voltage is 4.2V When the voltage types of said 
batteries are all 4.2V cell. 

16. A method as de?ned in claim 12, Wherein said 
charging voltage is 4.15V When the voltage types of said 
batteries are respectively 4.1V and 4.2V cell. 

17. A method as de?ned in claim 13, Wherein said 
charging current is 2400 mA When said batteries all have 
large current capacities. 

10 

15 

20 

14 
18. A method as de?ned in claim 13, Wherein said 

charging current is 800 mA When said batteries all have 
small current capacities. 

19. A method as de?ned in claim 13, Wherein said 
charging current is 1600 mA When said batteries respec 
tively have small and large current capacities. 

20. A method as de?ned in claim 13, Wherein said 
charging current is 1200 mA When said batteries respec 
tively have small and medium current capacities. 

21. A method for charging multiple storage batteries 
inserted in at least tWo pockets provided in a battery charger, 
comprising the steps of: 

detecting voltage types and current capacities of said 
storage batteries; and 

alternately charging said storage batteries With a charging 
voltage and a charging current ?t for the voltage types 
and current capacities of said storage batteries, 
respectively, at different intervals set according to said 
voltage types and current capacities. 

22. A method as de?ned in claim 21, including the further 
steps of adjusting the charging voltage to a level respectively 
?t for the voltage types of said batteries, and adjusting a 
charging current to a level respectively ?t for the current 
capacities of said batteries. 

* * * * * 


